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THE PROBLEM OF ANTHRAX AND IMMUNITY 

... -USSR-. 

/Following is the.translation of an article by leo P. 
Stefanova in Trudy Vsesoyuznogo Instituta Eksperimental'noy 
Veterinarii, No 22, Moscow, 1959, pages 177-1ÖW   " 

As early as 1888, N.. F. Gamaleya, in experiments with vaccination 
of sheep against anthrax, established that in order to produce lasting 
immunity it was necessary for the organism to react to the introduction 
of antigen with a slight fever. Consequently, at the very dawn of the 
development of immunology the Russian scholar foresaw the significance 
of the organism's reactivity in the process of development of immunity 
to anthrax. Since then, numerous investigators have confirmed by 
their own research the conclusions drawn by N. F. Gamaleya. 

I. P. Pavlov has proved that the. extent of the rise in tem- 
perature in fever, as well as the character of the rise and fall of 
the temperature, depend upon the condition of the nervous system, and 
that the temperature reaction is a reflex process. 

Considering that fever in infectious diseases is the organism's 
ueans of self-defense, Pavlov wrote: "^The basis for this consists in 
that the life of many disease-causing micro-rorganisms is confined to 
specific degrees of temperature. The temperature need only be changed 
up or down by two or three degrees to.make life difficult for them." 

This may explain why, in L. Pasteur's experiments, the chickens, 
ordinarily not susceptible to anthrax, contracted it when the body 
temperature was lowered. 

Later, I.I. Mechnikov demonstrated that artificial chilling 
weakens the organism and the microbes are enabled to multiply more 
rapidly. 

There are also numerous evidences of the protective role of 
inflammatory reaction in immunity. Mechnikov regarded inflammatory 
reaction as a curative force of the organism. According to him, the 
protective role of inflammation is due to phagocytosis, which he 
regarded as the main defense mechanism, peculiar to living creatures 
on all rungs of the zoologic ladder; as a fitting protective reaction 
of the organism, inherent in every living thing, that is, P"  a general 
biologic phenomenon. 

Very many works, both of our own and of foreign authors, are 
devoted to the role of inflammatory reaction in immunity to anthrax. 
Among them must be classed the works demonstrating the favorable 
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intensive, heightened metabolism of the vaccine are created at the 
place of injection, and if its metabolism is...in. direp.t and close 
connection with'the metabolism in the tissue into which the vaccine 
is injected. That is, in order to heighten and intensify the ex- 
change of matter by the vaccine, the metabolism in the injected 
tissue must be heightened. This may be done most simply by causing 
an inflammation at the place of introduction of the vaccine, since the 
exchange in an inflammation focus is always heightened. In order 
to cause an inflammatory reaction, we added a small quantity of 
saponin — 0.1 mg per dose — to the first Tsenkovskiy vaccine. 
Besides this, we added to the vaccine-Na ions, which promote the 
transmission of nervous stimulation from the periphery to the cen- 
tral nervous system, and we brought the pH of the vaccine up to 
8.0-8.5, since it has been known ever since the work of P. N. 
Andreyev (I898) that an alkaline medium promotes the intensive 
propagation of vaccine. 

The experiments with the vaccination of rabbits by the above- 
described method have demonstrated the presence of lasting immunity 
even with a single injection of the first Tsenkovskiy vaccine. 

It is known that nobody has thus far succeeded in producing 
immunity in white mice with the first Tsenkovskiy vaccine, since it 
is pathogenic for these animals. In the organism of the white mouse, 
the bacilli multiply without impediment, and phyägocytosis, as a 
rule, is extremely weak or even absent. 

We set ourselves the task of studying the question of the 
possibility of immunizing white mice with the first Tsenkovskiy 
vaccine. For this purpose, a so-called split vaccine was prepared. 
The vegetative form of the first Tsenkovskiy vaccine was split in a 
I/o and a 2%  solution of NaHCOo in a thermostat. After three days, ' " 
the culture of the first vaccine represented very fine granular for- 
mations settled or. the bottom of the flask. Vaccinating the white 
mice with this split vaccine, we obtained lasting immunity in this 
species of animal. 

The white mice were inoculated intramuscularly with a 0.2 
ml dose. After lU-21 days these mice were infected with a 10-fold 
lethal dose of the ordinary first Tsenkovskiy spore vaccine. 

The results of the experiments are shown in the table. 
/see next page7» 
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Experiment in the T^unization of White Mice with'a S.in,. c,,,,,^ 
or the Jirst TsenkovsHy Vaccine '  - '  ? 

Number of animals 
inoculated 

10 
Control 

Time of infection 
after vaccination 

20 
Control 

25 
Control 

lit days 

21 days 

21 days 

Control*infection 

Number of 
white mice 
in infection 
experiment 

10 
3 

Result 

1° 
5 

22 

9 alive, 1 dead 
All dead 

lit alive, 5 dead 
All dead 

16 alive, 6 dead 
All dead 
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dose of 0.1-0.2 ml was introduced twice at intervals of 30-1)0 minutes 
at four points, and the anthrax spore virus was introduced into the 
center of the snipped-off surface. The purpose of the introduction 
of novocain xras to eliminate nerve influence temporarily and check 
leucocytosis. Very soon (in 3-6 hours) an edema was formed at the . 
place of injection of the virus and in 18 hours had attained the - 
size of 7 x 10 cm and had the form of a sharply limited, projecting 

*     tumor. At different times after inoculation, spinal fluid, edematose 
fluid and blood from an ear vein were taken from these rabbits to 
prepare smears. 

In the smears of edematose fluid, vegetative forms of E. 
anthracis were found in place of the spores, and there were anthrax 
bacilli of unusually large dimensions already 30 minutes after in- 
oculation alongside of the oval forms colored according to Gram 
(germinating spores); some were surrounded by a capsule, often of a 
twisted form (Fig. 2). 

In the spinal fluid, lymphocytosis was noted in 20 minutes. 
In 12 hours, there were leucocytes and fibrin reticula in addition.. 
to lymphocytes. 

In the smears of spinal fluid taken 20-30 minutes and one 
hour before the death of the animal were observed formations which 
retained the contours of anthrax bacilli, sometimes of unusually ■ , 
large dimensions, 5—6 times above normal, in the swelling stage 
and" twisted, with parts of the capsule still present (Fig* 3)y 

It should be noted that when bactariemia was developing in 
the blood and organs, the anthrax bacilli in the spinal fluid were 
also in the destruction stage. This picture of anthrax bacilli des- 
truction was observed 20 minutes after death (Figs. h-$)• 

In the smears of blood taken not long (5—10 minutes) before the 
animal's death, local thickening of the membranes of the erythrocytes 
was noted; one got the impression that there are inclusions of some 
kind in the erytirocyte membranes. Sometimes the thickening of the 
membranes was more considerable on some One side. Powdery accumu- 
lations were observed around the erythrocytes. An analogous picture 
was observed in the fluid of• the inflammatory,edema. We have made 
and examined these preparations many times — without fixation and 
employing different methods of fixation — uncolored and colored by 
various methods*(see Fig. 2), and are convinced that the above-des- 
cribed changes are regular in character. . , . 

n           Analyzing the above data, we have arrived at the conviction 
\                 that infection and immunity in the case of anthrax are closely con- 

nected with metabolism in the organism. 
* ,                        In anthrax infection, the action of a very high body temperature 

*      results in profound disturbances of the metabolism, which are also 
promoted by the toxic products of the vital a tivity of the anthrax 
bacilli. When the disturbance of the metabolism becomes catastrophic, 
there is a destruction of the albumins of the organism proper, as we 
see from the picture of the erythrocytes: when even the albumins of 
the erythrocyte membranes are dispersed, hemolysis and death set in. 
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CAPTIONS TO PHOTOGRAPHS fßpt Reproduced Here7 

Fig. 1. Destruction of the first Vaccine in the organism of a 
white mouse vaccinated with "split vaccine." 

Fig. 2. Rabbit No. 2312. Edema. Thickening of the membrane 
of erythrocytes and inflated forms of bacteria of large sizes. 

Fig. 3. Rabbit No. 2702. Spinal fluid. Destruction of bacil- 
iar cells and granular accumulations 20 minutes before death. 

Fig. k.    Rabbit No. 2702, the same 20 minutes after death. 
Fig. 5. Rabbit No. 2702. Spleen. Destruction of bacillar ' 

ceils and phagocytosis. 
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